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A Transistorized Variable Delay Unit 
Kenneth H. Olsen , 
Leonard Kleinrock 


Pers no45-deserébes-e transistorized variable delay unit which 
converts a negative pulse into a 5 volt negative level whose 
width is adjustable over a range from 0.39 microseconds to 

Ei seconds. Greater widths may be obteined by adding 
capacitance externally. When loaded with 100 ohms the output 
level is -2.9 volts, fall time is 0,11 microseconds, and 

rise time 0.03 microseconds. A compensating circuit for 
voltage drift is included which maintains the delay width 
constent within less than 0.5/0 for a 10Jo variation in 

any supply voltage. Jitter is below 0.2%. 
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INTRODUCTION: 

This variable delay unit supplies a negative level of variable duration 
when supplied with a negative pulse at the input. Many desirable features are 
built into it and its reliability is quite high. This unit will supply a 
100 ohm resistive load with a -2.9 volt level whose fall time is Qu. micro- 
seconds and whose rise time is 0.03 microseconds. Jitter is kept down to less 
than 0.296. The output pulse width may be varied continuously over the entire 
range of 0.47% microseconds to 10 seconds with 5 coarse positions. Longer delays 
are easily obtained by adding capacitance externally at the terminals provided. 
The output pulse width is affected only slightly by supply voltage variations, 


e.g. for a 104 change in any supply voltage, the width changes by less than 
o 
0.5/o. 


DEVELOPÉMENT: 

As a first attempt in solving the problem of designing a variable delay 
unit, a monostable multivibrator was investigated. The emitter coupled type 
was eliminated because of its undesirable output pulse level, i.e., the output 
swing is not from ground level to -5 volts. The collector coupled monostable 
multivibrator showed more promise. However the following difficulties were 
encountered. Referring to Figure 1, note that the delay time is directed 
progportional to the product of RIC -4 However, the maximum value of Rj is 
limited because the d-c base current for transistor Q2 must flow through R1. 
If we desire & long del&y time we will therefore find it necessary to increase 
the value of C. This brings us to a second difficulty, namely, that the 
recovery time (which is proportional to the product RoC), becomes excessive. 
These problems were overcome by placing an emitter-follower between Ro and C 
as well as between R] and the base of transistor Q2. This circuit however 
introduced too much delay time during the regeneration period (transition period) 
which resulted in a slower output waveform than could be acceptable. 
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It was dai decided that a monostable multivibrator which depends upon 
internal delay its proper functioning would not be suitable. for-eur 
purpeses. Therefore, & circuit using external del&y was Green es As 
shown in Figure 5 ; & flip-flop was used which was triggered ON by thé input 
pulse and triggered OFF after a time interval ge-ée&ermimei-byekhe RC timing 
circuit. A Steeg SES, the set one pulse coming from the timing circuit 
was too Ls to give a suitable trailing edge to the output waveform, AND Sd 
Paetefere an emitter coupled bistable multivibrator, also known as a Schmitt 
circuit,was added, as shown dotted in Figure 3. This provided an extremely 
fast set one pulse. A Schmitt circuit responds only when the input signal 
exceeds a minimum amplitude, which is known as the triggering level. This 
triggering level is sensitive to supply voltage drifts, and therefore in an 
attempt to compensate for such drifts the Schmitt circuit was supplied from 
the same voltage sources as was the RC timing circuit. This greatly reduced 
the sensitivity = ev delay width to supply voltage drifts. Basically this is 
the form of the present circuit. Further improvements are described below. 


CIRCUITRY AND OPERATION: e FIC. Au NES “file ee 
A block diagram and a circuit schematic of the variable delay unit are 
shown in Figures bh and 5 respectively. — In the quiescent state, the output is 


et ground potential. When a negative pulse arrives at the input terminal, the 


/ collector of o and also of Q5 are both pulled toward ground, from -3 volts. 


This starts the transition of the flip-flop which results in the collector 

of Q5 remaining at ground potentialand the collector of Q4, as well as the 

output terminal shifting to the -5 level. The output pulse has now started. 

_yThe base of Q6 is now pulled to ground which cuts off this transistor. The 
voltage across C up until this timehsd been O volts due to the clamping action 

of Q6. Now that Q6 has been cut off the potential at point-A begins to rise 

from -5 volts toward +10 volts. The rate of rise it inversly proportional to 

the pruwees. of zs id emitter-follower, Q7, follows directly with the rising 
voltage at Kette, o and Q7 comprise the timing circuit. ^ The signal is now fed 
into a drift compensating circuit which functions as follows. Ne FP 
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-The assumption is made that transistor Q8 does not conduct uniti its emitter 
potential equals or exceeds the potential of its base, at which time Q8 with 
its associated losd resistor act as a standard inverter type circuit. In 
Figure ( is shown a plot of the voltage at the emitter of Q8 versus time. ^^ 
Here the assumption is made that this waveshape is linear, whereas it is known 
that this is an exponentially rising waveform. This assumption is valid since 
we are dealing only with a amall portion of this waveform at its beginning 
where it is nearly linear. In this Figure, E volts represents the absolute 
difference between the +10 and -5 supply voltages. Line AB represents the e 
waveshape for a +10 supply voltage of value +10 volts. Assuming, for the 
moment, that the base voltage is fixed at a level which we shall call trigger 
level Gë: it is seen that at time E? the inverter will start to conduct. 

Assume now that the supply voltage drops by an amount delta E as shown in 
Figure Y. &t point C. Liege AC now represents the waveshape at the emitter of 
Q8. The intersection of this line and trigger level ome, occurs at a time T2 t, 
which is greater than the desired time Tl. One way to compensate for this 
change in time is to change the trigger level from trigger level 1 to trigger 


THE PES? 


level 2 which will then cause the intersection to occur at time TE. By similar 


: t. 
triangles it is seen that, : 


Fic S 


ËCH 
pe 


trigger level 2 = D -4E trigger level 1 
un * 


This e = the value of the new desired trigger level. One obvious way to 
set this new triger level is to put the ME of Q8 at this new level. This may 


trigger level 2 wi P. AE 
trigger level 1 


Therefore, 


AvTemarTic Ry Commer 
be accomplished as howe, in Figure, 4-5 Fron our orginal assumption we have es 
A Sebbene orante ndn. heat SE T 
defined the base voltage to be ne, trigger level. For the condition where the G 


+10 supply voltage is equal to E volts, the trigger level is thersfere equal 
to, ps 


frigger level 1 =| R1 


Bi +Ra 


E. 
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If now the supply voltage changes by a quantity - AE the new trigger level 
will be 
Trigger level 2 = Rl | E -AE. | 
Rl 44R2 


Combining these two equations they see that, 


trigger level > -| BoB E -AE J trigger level | 


By comparing this trigger level 2 to the desired trigger level 2 as determined 
from Figure É ve see they are identical, and have thereby compensated for the 
change in the 410 supply voltage. By superposition, & change in -— -5 ,Supply 


Witt 
as well as in ihe change in the t6 EE E be compensated da the 
identical manner. / ^^ JHar E VAive o, ane A 
‘At PUA i e MAJ THEREF IRE DRIPT re , ac feet , 7743 
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The toieebar of q8 vill start rising at a time drvécidnod only by the 
setting of R and C and not dependent upon the supply voltage level. The 
inverting action thru Q8 also has associated with it tke large gain which 
effectively amplifies the slope of the waveform at E emitter. The signal 
is then raised roughly 3 1/2 volts through the Zener diode and appears at the 
base of Q9 which is the input to the Schmitt circuit. 


The base voltage of Q9 is held clamped at a potential determined by the 
constants of the Schmitt circuit, the Zener diode, and the 5.6 K resistor. 
Therefore the collector of Q8 is clamped at a potential roughly 5.5 volts 
negative of this. When the collector of Q8 begins to rise the base of Q9 
rises with it exeept at higher level. The Schmitt circuit is set to trigger 
at a voltage roughly 1 volt positive of its clamped voltage. When the 
Schmitt circuit triggers the collector of QlO rises from about -1.8 volts to 
& level slightly above ground, which cuts off Q2. This triggers the flip-flop 
and forces a transition to take place. The output at Q5 now: swings from its 
-5 level to the ground level which thereby terminates the output pulse. 


TEE ‘the circuit ts-qutte- E, ‘the lengest recovery 
time "v—— —————————üÓ teen minimized by allowing 
C to recharge through the collector current of Q6. 
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j ^M — the operation of the Sireutt is as follows. A negative input 
pulse is applied ele. E This See 4 the flip-flop and sends the output from 
ground level to -5 level. At the same time this initiates & timing circuit, 
which is compensated for supply voltage drifts, and allows a time interval to ! 
pass during which the output is held at the -3 level. At the end of this time 

/ interval the Schmitt circuit is triggered which in turn triggers the flip-flop. 
Tbe flip-flop then goes through & second transition returning the output to the 
ground level. The width of this output pulse is thereby determined by the 


setting of R and C only. (Foetow II wi pot F'c 3) a 
A CMAN zi 


Ay 


` PERFORMANCE: ` 
Y AC» Figure 8 shows photographs of the waveforms at critical points in the 
ep, circuit. The delay time was arbitrarily set &t lO microseconds. Note the 


linear rise in voltage at the base of Q7, and the amplified slope of this rise s 
&t the Ce to the Schmitt, ^'^ M geg. necs NBN TE Sa PY 27 2 VPE P Y 
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_—_ Fs is the practice with such circuits a number of margin check plots were 


made which proved quite satisfactory, giving wide margins for variations in 
the important parameters. 


Further data in this respect may be found in Lincoln Laboratory Computation 
New > Book Number 1307. 
Dret 
SPECIFICATIONS AND RANGE 
l. Input: Reguires a negative pulse whose minimum amplitude is -1.5 volts 
and whose duration should be at least 20% less than that of the 
desired output pulse. 
2. Output: specifications: 
(a) Minimum delay time: 0.59 microseconds, 
(b) Maximum delay time: 1 seconds. 
Note: Longer delays may be obtained by adding external capacitance 
et the terminals provided. 
(c) Fall time unloaded: 0.05 microseconds 
Rise time unloaded: 0.03 microseconds. 
Fall time loaded with 100 ohms: 0-1). microseconds 
Rise time loaded with 100 ohm: 0.03 microseconds. 
(a) Output swing unloaded: -3 volts. 
Output swing loaded 100 ohms: -2.9 volts. 
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3. Maximum pulse repetition frequency at minimum delay time: 5 megacycles 
h. Jitter: 0.2°/0 


+o MeV, CAM 
2. Supply voltages: +10, -5, -15. Note: This cirtuit heashwemky also 
os c55*5e0 Seen designed for operation at -10 instead of -15 volts. 
6. Semi-conductors required: 7 Philco type, L-5122 F paraz ire aiaga 3 Philco 


JPE 6$0Co Zeuëë D! oic 


type L-5134 transistors, 1 Zensw-dirode—type- e 


Te Delay range: 
DELAY RAKWEE 


Delay Position Q Beier Renge 
C 
Position 1 Ie Ate pad 0.35 microseconds - 5.5 microseconds 
Position 2 |.1,. @ microseconds - 100 microseconds 
Position 3 a» 35 microseconds - 2 milliseconds 
Position À lena milliseconds - 60 milliseconds 
Position 5 e, 20 milliseconds - 10 secnnds. 
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